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(54) Heart stimulator with variable stimulation pulse energy 



(57) The invention relates to a heart stimulator (4), 
for the stimulation of a heart (1 ), comprising a pulse gen- 
erator (8) periodically producing stimulation pulses, at 
least one electrode means (3) connectable to said pulse 
generator (8) and to the heart (1) for transmitting said 
pulses to said heart (1) and respiration monitoring 



means (5) for monitoring the respioiration of the human 
being, wherein the heart stimulator >r (4) adapts the ener- 
gy to be delivered in a stimulation p pulse in response to 
the information acquired by the re.'espiration monitoring 
means (5) which indicate the stage is in the human being's 
respiration cycle that the human boeing has reached. 
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Description 

Background of the invention 

The present invention relates to heart stimulators, 5 
for the stimulation of the hearts, comprising a pulse gen- 
erator periodically producing stimulation pulses and at 
least one electrode means connectable to said pulse 
generator and to the heart for transmitting said pulses 
to said heart. 10 

Pacemakers are known which measure the respi- 
ration rate of the user and vary the interval between 
stimulation pulses according to the respiration rate such 
that an increase in the respiration rate, which generally 
corresponds to an increase in the activity of the user, is 
causes an increase in the stimulation pulse rate. An ex- 
ample of such a pacemaker is shown in US-A 4 757 815. 

Further pacemakers are known which attempt to re- 
duce to a minimum the energy delivered in each stimu- 
lation pulse in order to extend the life of the pacemaker 20 
battery. These pacemakers, known as Autocapture 
pacemakers, use adjustment algorithms to determine 
the minimum stimulation energy level. In orderto ensure 
capture, the stimulation pulse energy is then set at a 
value which is 50%-100% greater then the minimum 25 
stimulation pulse energy. However, the respiration of the 
user interferes with the correct functioning of these units 
by continuously varying the shape of the chest which 
causes temporary, non-linear variations in the stimula- 
tion impedance. This means that the stimulation pulse 30 
energy required for successful capture varies during the 
breathing cycle. Current algorithms do not take into ac- 
count at which point in the respiration cycle the stimula- 
tion pulse occurs. This means that occasionally even a 
stimulation pulse containing pulse energy which is 35 
100% greater than the minimum stimulation pulse ener- 
gy is insufficient to result in a capture. In this case, cur- 
rent algorithms automatically increase the pulse energy 
for the next pulse. However, this pulse may be unnec- 
essarily powerful and hence waste energy because it is 40 
quite possible that, due to changes in the shape of the 
chest caused by respiration, the stimulation impedance 
may have, in the meantime, dropped to a lower value. 

It is possible to measure the stimulation impedance 
directly, for example by transmitting a pulse of sufficient- *s 
ly low amplitude that it cannot stimulate the heart and 
measuring the strength of the returning signal. However 
such a method uses energy and is also subject to errors 
caused by the return signal being masked by noise from 
normal electrical activity in the user's body. so 

Summary of the invention 

It is an object of the present invention to provide a 
heart stimulator of the above-mentioned kind which can ss 
vary the stimulation pulse energy, in order, for example, 
to conserve energy, without being subject to errors 
caused by noise from normal electrical activity in the us- 



er's body. 

In accordance with the inverantion, this object is 
achieved by providing a heart stimutulator which monitors 
the user's respiration cycle to indidirectly determine the 
stimulation impedance and hence fe to modify the stimu- 
lation pulse energy so as to achieieve heart stimulation 
with minimum energy consumptions. 

Description of the drawinos 

Figure 1 shows a schematic illulustration of chest vol- 
ume and stimulation impedance a amplitude variations 
and the variation in simulation pululse energy , required 
during the respiration cycle of a he.eart stimulator user. 

Figure 2 is a schematic diagraram of a heart stimula- 
tor constructed in accordance withth the present inven- 
tion. 

Description of the preferred embodiments 

Figure 1 shows in a simplified ti form how the stimu- 
lation impedance Is and hence the n minimum stimulation 
pulse energy varies throughout a a respiration cycle. In 
this case stimulation impedance I Is is at a maximum 
when inhalation and hence lung vololume Lv is at a max- 
imum and stimulation impedance b Is gets smaller in a 
non-linear manner as air is exhaledtd and vice versa, and 
minimum stimulation pulse energy & Emin required is pro- 
portional to stimulation impedance.e. Although the varia- 
tion in stimulation impedance Is is ncnon-linear, it is regular 
and the stimulation impedances mnneasured at any par- 
ticular stage or phase angle in comnsecutive respiration 
cycles will not vary much if the respjpiration rate is nearly 
constant. 

Figure 2 shows a heart 1 whioich contains an elec- 
trode 2 connectable by electrode mmeans 3 to an adapter 
means 7 inside a pacemaker hoiDusing 4. Respiration 
monitoring means 5, either containeied within or separate 
from the pacemaker housing 4, moronitors the respiration 
cycle and produces a respiration c^cycle signal. The res- 
piration cycle signal could be bas«sed on elapsed time 
since, for example, the detection of tf the start of inhalation 
(which corresponds to the beginning of a respiration cy- 
cle), and the elapsed time could theierefore represent the 
stage in the respiration cycle that th<he stimulator user has 
reached (the momentary respiratiorcn cycle phase angle). 
An example of a time based systerem could be that res- 
piration monitoring means 5 measisures chest pressure I 
which falls to a minimum when exrxhalation nears com- 
pletion and starts to rise again wrwhen inhalation com- 
mences. Respiration monitoring mmeans 5 can be pro- 
grammed or contain circuitry to rerecognise this trough \ 
and produce a start of inhalation sicignal. Adapter means 
7 can use this signal to calculate resaspiration rate and the 
stage in the respiration cycle that thdie stimulator user has 
reached. As described earlier, eactah stage in the respi- 
ration cycle that the stimulator usenr has reached has an 
associated stimulation impedanceie and, as described 
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later, adapter means 7 uses the stimulation impedance 
associated with the stage in the respiration cycle that 
the stimulator user has reached to determine the re- 
quired stimulation energy. 

It is also possible that the respiration cycle signal s 
could be based on the measured momentary amplitude 
of a parameter which varies throughout the respiration 
cycle. In this case the respiration cycle signal would rep- 
resent the amount of inhalation or exhalation. For ex- 
ample, in the case where respiration monitoring means 10 
5 measures chest pressure, it can send an amplitude 
signal to adapter means 7, either when interrogated by 
adapter means 7 or continuously. Each chest pressure 
has an associated stimulation impedance and, in a sim- 
ilar manner to that described later for respiration cycle is 
phase angle, adapter means 7 uses the associated 
stimulation impedance to determine the required stimu- 
lation energy. It is possible that a chest pressure ampli- 
tude has two associated stimulation impedances - the 
first one for inhalation and the second for exhalation. In 20 
this case adapter means 7 must analysis the amplitude 
signal to determine if the amplitude is increasing, which 
would represent inhalation, or decresing, which would 
represent exhalation. 

There are many parameters which change in a re- 25 
peatable manner during respiration and which can be 
used to represent the respiration cycle. A non-exhaus- 
tive list of such parameters includes lung volume, chest 
pressure, chest circumference, blood oxygen level, 
QRS signal amplitude, stimulation impedance and air 30 
velocity, but any parameter which has a consistent re- 
lationship with the respiration cycle can be used. 

The respiration monitoring means 5 can be any suit- 
able electrical transducer which can measure, for exam- 
ple, voltage, current, resistance or impedance, or any 35 
electro-mechanical transducer which can measure, for 
example, volume, pressure, strain, torque, bending, 
stretching, temperature or sound, or any suitable elec- 
tro-chemical transducer which can measure, for exam- 
ple, the blood oxygen level. 40 

During one complete respiration cycle, the param- 
eter measured by respiration monitoring means 5 will 
vary from a maximum value, which could correspond to 
when inhalation stops, to a minimum value which could 
correspond to when exhalation stops. For the best pos- 45 
sible accuracy in calculating the required stimulation en- 
ergy, the parameter to be measured should be chosen 
such that the relationship between the amplitude of the 
chosen parameter and the amplitude of stimulation im- 
pedance should be consistent and repeatable, that is, if so 
the stimulation impedance is recorded several times for 
a particular amplitude of the chosen parameter at a par- 
ticular respiration rate, then the stimulation impedance 
should be approximately the same every time. 

In a first embodiment of the invention, respiration ss 
monitoring means 5 is a ultra-sonic transducer, mounted 
in the patient chest, and it measures lung volume. Res- 
piration monitoring means 5 is connected to adapter 



means 7 and sends an electrical sigignal which is propor- 
tional to the chest pressure to adaptoter means 7. Adapter 
means 7 processes the incoming 3 signal to determine 
when the lung volume has reachthed a maximum and 
starts to decrease. This correspondids to the end of inha- 
lation and the beginning of exhalatiUion. By recording the 
time between consecutive maximmum values, adapter 
means 7 can calculate respiration ti frequency (f breath) 
and hence calculate when the neiext respiration cycle 
should begin and what stage in the n respiration cycle (the 
momentary respiration cycle phase;e angle) the patient is 
currently at. 

In use, adapter means 7 determines the required 
stimulation pulsing rate (f pulse) in h the manner which is 
usual for pacemakers and calculates when the next 
pulse is due. Before delivering or d during delivery of the 
pulse, adapter means 7 determinesss the momentary res- 
piration cycle phase angle. In ordeJer to reduce circuitry 
requirements, the respiration cyclele can be divided into 
a number of sectors and a commoron stimulation energy 
requirement can be established for >r all the phase angles 
in a particular sector. For the sake e of brevity in the fol- 
lowing description the expression "| "phase angle" will be 
understood as also meaning "selector" as described 
above. Adapter means 7 then calculates or looks up in 
a look-up table the stimulation eneiergy required for the 
momentary respiration cycle phasase angle and com- 
mands the pulse generator 8 to 0 deliver the required 
pulse. Adapter means 7 is conrnnected to telemetry 
means 10 which enable adapter mmeans 7 to be repro- 
grammed and to output data. 

In a second embodiment of thlhe invention, instead 
of calculating the momentary resppiration cycle phase 
angle, the adapter means has a loolok-up table which con- 
tains a series of respiration monitiitoring means signal 
amplitudes, for example a series ofof lung volume ampli- 
tudes, and a corresponding series s of required stimula- 
tion energies. Alternatively adapter ir means 7 can be pro- 
grammed with an equation to calciculate the stimulation 
required for a particular respiratioron monitoring means 
signal amplitude. When a stimulatiction pulse is to be de- 
livered, the adapter means looks t up or calculates the 
required stimulation pulse energy u using the momentary 
amplitude of the respiration monitiitoring means signal 
and then commands pulse generatator 8 to deliver the re- 
quired pulse. 

In a further embodiment of the ir invention, the evoked 
response is sensed and evaluated d by measurement of 
a physiological parameter associatated with the contrac- 
tion by a contraction sensor 9, eithther contained within 
or separate from the pacemaker hoiousing 4. If a contrac- 
tion is sensed within the programmable or calculated re- 
sponse time period, that is, the perariod following a stim- 
ulation pulse in which a cardiac evevent initiated by the 
pulse would normally be expected ti to take place, then a 
counter for that stage in the respiniration cycle is incre- 
mented by one. Each time there is a a successful contrac- 
tion on stimulation for that particulalar stage in the respi- 
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ration cycle the counter is incremented. After the coun- 
ter reaches a predetermined number the stimulation en- 
ergy value for that stage in the respiration cycle is re- 
duced by a predetermined amount which can be a dis- 
crete value or a percentage of the actual stimulation en- s 
ergy, thus leading to a reduced energy consumption. 
The counter is subsequently reset to zero. 

If, however, there is no contraction sensed then it is 
assumed that the stimulation energy was insufficient 
and the value in the look-up table for the stimulation en- 10 
ergy required at that stage in the respiration cycle is in- 
cremented by an amount, which can be a discrete value 
or a percentage of the actual stimulation energy, and the 
counter for that stage in the respiration cycle is reset to 
zero. Thus each time no contraction is sensed for a par- ?5 
ticular stage in the respiration cycle, the stimulation 
pulse will be slightly more powerful the next time the 
same stage in the respiration cycle occurs and eventu- 
ally the pulse will be sufficiently powerful to cause a con- 
traction. It is conceivable that no contraction is sensed 20 
because of the sensor 9 malfunctioning or the contrac- 
tion signal being masked by other signals. This could 
f lead to a continuous, unnecessary incrementation in the 
stimulation energy which, apart from wasting energy, 
could lead to dangerous side-effects. Therefore it would 2s 
be advisable for the adapter means 7 to set a maximum 
limit for the strength of a stimulation pulse at a given 
stage in the respiration cycle. Preferably said maximum 
limit would be made proportional to the stimulation en- 
ergy calculated for one or more of the stages in the res- 30 
piration cycle bordering said given stage in the respira- 
tion cycle. 

In another embodiment of the invention, the respi- 
ration monitoring means only operates intermittently, for 
example for 1 or 2 minute every hour, or for 1 minute 3S 
every day or any other period. The choice of the oper- 
ating period depends, amongst others, on the symp- 
toms of the patient, the length of time the pacemaker 
and leads have been implanted and the stability of the 
pacing system. During this operating period the stimu- 40 
lation impedance is measured in the following way: the 
output capacitors of pulse generator 8 are charged to 
their maximum voltage and when a stimulation pulse is 
required they are discharged for the maximum time pro- 
grammed or calculated by adapter means 7. By meas- 45 
uring the voltage in the output capacitors after the pulse 
has been discharged it is possible to calculate the en- 
ergy dissipated in the pulse and hence the stimulation 
impedance. 

Adapter means 7 records each stimulation imped- so 
ance against the stage in the respiration cycle or respi- 
ration signal amplitude. At the end of the operating pe- 
riod adapter means 7 determines the maximum stimu- 
lation impedance which usually occurs when lung vol- 
ume is at its greatest amplitude. If, during the operating ss 
period, a stimulation impedance was measured at the 
time when lung volume was at its greatest amplitude, 
then this impedance value, if it is indeed the largest 
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measured value, is henceforth useted for calculating the 
required stimulation energy. If anotother measured stim- 
ulation impedance value is greater tr then that one is used 
instead. If, during the operating poeriod, no stimulation 
impedance was measured at the timme when lung volume 
was at its greatest amplitude, then n a theoretical stimu- 
lation impedance for this time is calculated by statistical 
analysis of the recorded values. If tf this theoretical stim- 
ulation impedance is greater than e any of the measured 
stimulation impedances then it is b henceforth used for 
calculating the required stimulatioron energy. If another 
measured stimulation impedance v value is greater than 
the theoretical stimulation impedarance then that one is 
used instead. In this way the stimmulation pulse energy 
should be always sufficient to achievave capture. Although 
the stimulation pulse energy will o often be higher than 
necessary to achieve capture, it willill still use less energy 
than the prior art devices and will rl not require as much 
computing power as the aforementiitioned embodiments. 

The change in stimulation enerergy can be achieved ' 
by varying the pulse amplitude. A sesecond method of var- 
ying stimulation energy is to vary trthe pulse duration. A 
further method of varying stimulation energy is to in- 
crease the number of pulses in a stimulation and to vary 
their number and/or amplitude ancnd/or duration and/or 
timing. 



Claims 

1. A heart stimulator (4), for a huruman being, compris- 
ing a pulse generator (8) proroducing stimulation 
pulses, at least one electrode n means (3) connecta- 
ble to said pulse generator (8) J) and to the heart (1) 
for transmitting said pulses to 0 said heart (1), char- 
acterised in that the heart stimu lu lator (4) further com- 
prises at least one respiration rr monitoring means (5) 
which monitors the respiration <n cycle of the human 
being for determining the stage e in the respiration cy- 
cle that the human being has rereached, and adapter 
means (7), connectable to saidid respiration monitor- 
ing means (5), for adapting theie energy to be deliv- 
ered in a stimulation pulse asas a function of said 
stage in the respiration cycle. . 

2. A heart stimulator according tcto claim 1 character- 
ised in that the respiration mcnonitoring means (5) 
comprises one or more electricacal and/or electro-me- 
chanical and/or electro-chemicical transducers (5). 

3. A heart stimulator according to o claim 1 or 2 charac- 
terised in that the respiration mmonitoring means (5) 
directly or indirectly measures b the momentary lung 
volume of the human being. 

4. A heart stimulator according t< to any of claims 1-3 
characterised in that the respiraration cycle is divided 
into two or more sectors, each h of which have a dif- 
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ferent stimulation pulse energy requirement, and 
that said adapter means (7) receives a signal from 
the respiration monitoring means (5), determines 
which sector of the respiration cycle the human be- 
ing is in and adapts the energy to be delivered in a s 
stimulation pulse to take into account which respi- 
ration cycle sector the human being will be in at the 
time the pulse will be delivered. 

5. A heart stimulator according to any of claims 1-4 10 
characterised in that the stimulation pulse energy 
required for a sector is looked up in a table of values 

or is calculated. 

6. A heart stimulator according to any of claims 1-5 is 
characterised in that the amplitude of said stimula- 
tion pulse and/or the pulse duration of said stimula- 
tion pulse can be varied. 

7. A heart stimulator according to any of claims 1-6 20 
characterised in that said stimulation pulse com- 
prises a stimulation complex of at least two pulses. 

8. A heart stimulator according to claim 7 character- A [ 
ised in that the timing relation between the pulses 25 1 1 
and/or the amplitude of the pulses can be varied. 1 1 

9. A heart stimulator according to any of the previous 
claims characterised in that it comprises sensor 
means (9) for sensing the evoked response. 30 

10. A heart stimulator according to claim 9 character- 
ised in that the stimulation pulse energy for a sector 
is increased by a pre-determined or programmable 
amount or percentage if no response is sensed in 35 
the response time period following a stimulation 
pulse sent during said sector. 

11. A heart stimulator according to claims 9 or 1 0 char- 
acterised in that the stimulation pulse energy for a to 
sector is decreased by a pre-determined or pro- 
grammable amount or percentage of the actual 
stimulation pulse energy for said sector, if a re- 
sponse has been sensed in the response time pe- 
riod following a stimulation pulse being sent for all 4 & 
of a predetermined or programmable number of 
previous stimulations sent with a sector which is the 
same as said sector. 
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